Introduction: Numerous studies demonstrate that bone microdamage is associated with activation of resorption [1,2] since this relationship was first posited by Frost [3]. However, recent experiments point to two predominant forms of microdamage: linear microcracks and diffuse damage [1,4], the physiological relevance of which in activating bone remodeling is not known. Microdamage in the form of linear microcracks, 30-100 μm long, is of the type first reported by Frost [5]. Diffuse damage (due to diffuse basic fuchsin staining) is comprised of sublamellar size microcracks that occurs in clusters. Whether all fatigue-induced microdamage evokes the same biological response has not been evaluated. The purpose of this study was to vary microdamage amount and type to determine which of the two types of microdamage control activation of resorption. Understanding these characteristics of in vivo fatigue loading will help provide insight as to which type of "wear and tear" injury in bone evokes a biological response.
illustrates that there is no relationship between resorption space density and duration of loading. Contingency analysis of resorption, linear microdamage, and duration of loading (number of cycles or time) shows that activation of resorption depends on the presence of linear microdamage but not on duration of loading (Overall: Chi-Square = 25.9, p<0.001; Activation of Resorption Vs. Duration of Loading: Chi-Square = 2.41, p=0.3; Activation of Resorption Vs. Presence of Linear Microdamage: p<0.001, Fisher's Exact Test) Discussion: These data indicate that the remodeling response occurs only in bone with linear-type microcracks. Bone containing only diffuse damage had no activation of intracortical remodeling. Moreover, our results show that the response observed is due to linear microdamage and not to loading itself. These data support with anecdotal reports [1] showing that despite several thousands of cycles of loading, if there is no linear microdamage, no intracortical remodeling will occur. A previous study examined diffuse damage and activation of resorption [1], but did not distinguish bones that contained only sublamellar damage versus bones that contained both linear and sublamellar microdamage. Here, by varying cycles, we generated bones that contained only sublamellar microdamage, thus uncoupling the two forms of microdamage. Intracortical remodeling that results from microdamage is associated with osteocyte apoptosis [4] and that osteocyte apoptosis is necessary for intracortical remodeling to be activated [7] . Linear microcracks impair local canalicular fluid transport between osteocytes [8]. Loss of canalicular fluid transport due to linear microdamage may lead to osteocyte apoptosis by causing a metabolic stress on cells [9] . Alternatively, linear microcracks that directly transect osteocytes likely cause necrosis of those few cells which may play a role in apoptosis of adjacent osteocytes and downstream signaling that activates remodeling. Sublamellar damage may not effectively impair fluid transport to evoke a metabolic stress on the osteocytes. Another possibility is that sublamellar damage may not effectively cause cells to undergo necrosis to activate a focal injury response. In conclusion, linear microdamage is the major determinant of activation of intracortical remodeling after fatigue loading. 
